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DQG ODVHU FODGGLQJ DUH IRFXVHG RQ WKH PHDVXUHPHQW RI WKH PHOW SRRO WHPSHUDWXUH DQG LWV GLVWULEXWLRQ $ QHZ





,Q /0' DQG /DVHU &ODGGLQJ V\VWHPV WKH IORZ RI SRZGHU SDUWLFOHV EHWZHHQ WKH KRSSHU ZKHUH WKH SRZGHU LV




PPRIGLDPHWHU DW LWV QHFNZKHUH WKH ODVHU VSRW VKRXOG OLH2YHU WKH\HDUV FKDUDFWHUL]DWLRQRISDUWLFOH VSHHG DQG
GHQVLW\RI WKHSRZGHUVWUHDPFRPLQJRXWRI ODVHUFODGGLQJQR]]OHVKDYHEHHQH[WHQVLYHO\UHVHDUFKHGXVLQJDQDORJ
DQG GLJLWDO LPDJLQJ V\VWHPV0DULDXGHX HW DO   7KHVH VWXGLHV DUH XVXDOO\ QRW HQRXJK WR DYRLG VRPH
SUREOHPV WKDW WKHVH QR]]OHV VKRZ ZKHQ XVHG LQ SURGXFWLRQ HQYLURQPHQW 7KHUH DUH SUREOHPV DV PLVDOLJQPHQW
EHWZHHQ WKH SRZGHU VSRW DQG WKH ODVHU VSRW RU ORVV RI V\PPHWU\ RI SRZGHU GLVWULEXWLRQ WKDW KDV WR EH DGGUHVVHG
0DQQ HW DO %HFDXVH SRZGHUPDVV IORZ UDWH LV GLIILFXOW WRPRQLWRU WKHSRZGHUPDVV UDWH RVFLOODWLRQV DQG











 Javier Montero et al. /  Physics Procedia  83 ( 2016 )  1319 – 1328 1321
FODGGLQJKHDG LQVWDOOHG LQDQ$%%,5% VL[D[LV URERW DUP3RZGHU IHHGLQJ LVPDGHZLWKD6XO]HUǦ0HWFR
7ZLQ&XQLW$&026FDPHUD 0LNURWURQ(26(16FRQQHFWHG WR WKH3& WKURXJKD IUDPHJUDEEHU LVXVHG WR
PRQLWRU WKH SRZGHU VWUHDP $ ODVHU GLRGH ZLWK D ZDYHOHQJWK RI  QP DQG  P: RI SRZHU LV XVHG IRU
LOOXPLQDWLRQ7KHFDPHUDKDVDPP]RRPOHQV$QRSWLFDO ILOWHUFDQEHSODFHG LQ IURQWRI WKHFDPHUD OHQV LQ
RUGHUWRVXSSUHVVWKHODVHUUDGLDWLRQDQGWKHEULJKWQHVVRIWKHPHOWSRRODOORZLQJWKHREVHUYDWLRQGXULQJWKHSURFHVV











7KHSRZGHU SDUWLFOH VL]H LV XVXDOO\ ORJQRUPDO GLVWULEXWHG DPRQJ WKH SDUWLFOH SRSXODWLRQ/DYHUQLD HW DO 
0DQXIDFWXUHUV SURYLGH GDWD RI WKH SDUWLFOH VL]H SRSXODWLRQPHDQ DQG VWDQGDUG GHYLDWLRQ:LWK VSKHULFDO SRZGHU
SDUWLFOHVDVLQJDVDWRPL]HGSRZGHUVLWLVSRVVLEOHWRREWDLQSDUWLFOHYROXPHGLVWULEXWLRQIURPWKHSURYLGHGGDWD,W
LVDOVRSRVVLEOH WRNQRZZLWKFHUWDLQSUHFLVLRQ WKHGHQVLW\RI WKHSRZGHUPDWHULDO IURPPDWHULDOSURSHUWLHVFKDUWV
DYDLODEOH LQ WKH OLWHUDWXUH 7KHUHIRUH XVLQJ GHQVLW\ DQG YROXPH LV SRVVLEOH WR FRPSXWH WKHZHLJKW GLVWULEXWLRQ RI
SRZGHU SDUWLFOHV DQG LWV YDULDQFH ,I DQ DGGLWLRQ RI D JUHDW QXPEHU RI SDUWLFOHV LV HYDOXDWHG HYHU\ SDUWLFOH LV D









SDUWLFOH KDV EHHQ GHWHFWHG DQG PDNLQJ DQ LQIHUHQFH RI D SUREDELOLW\ GHQVLW\ IXQFWLRQ IURP D VDPSOH ZLWK KLJK
QXPEHU RI IUDPHV UHFRUGHG ,Q WKLV ODVW FDVH FDPHUD FDOLEUDWLRQPXVW EH SHUIRUPHG WR WUDQVODWHPHDVXUHV WR UHDO
ZRUOGFRRUGLQDWHVEXW UHODWLYHPHDVXUHVDUHDOVRXVHIXOZLWKRXW WKHQHHGRIFDPHUDFDOLEUDWLRQ7KH UHVXOWFDQEH
H[SUHVVHG LQSDUWLFOHVSHUSL[HORUDQ\RWKHU OHQJWKXQLW)RUDQDFWXDOYDOXHRISDUWLFOHGHQVLW\DFLUFXODU VHFWLRQ
PXVW EH VXSSRVHG 7KH GLDPHWHU RI WKLV FLUFXODU VHFWLRQ LW LV WDNHQ IURP WKH GLVWULEXWLRQ FXUYH EHWZHHQ GHVLUHG
SHUFHQWLOHV7KH GHQVLW\ LV REWDLQHG LQWHJUDWLQJ SDUWLFOHV SHUXQLW OHQJWK DQGGLYLGLQJ E\ WKH DUHD RI WKDW FLUFXODU
VHFWLRQ
)LJ,PDJHVHJPHQWDWLRQDQGSDUWLFOHGHWHFWLRQSURFHVV
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3.1. Particle detection 
3DUWLFOHGHWHFWLRQLVSHUIRUPHGDIWHUWDNLQJDQLPDJHRIWKHSRZGHUVWUHDPFRPLQJRXWIURPWKHSRZGHUGHOLYHU\
V\VWHP
V QR]]OH 7KH LPDJH WDNHQ LV VHJPHQWHG WKH EDFNJURXQG LV VXEWUDFWHG DQG D WKUHVKROG LV DSSOLHG IRU
ELQDUL]DWLRQ ,Q WKHELQDUL]HGGDWDD URZRISL[HOV LVXVHGDVD OLQH VHQVRUDQGSDUWLFOHVDUHGHWHFWHGE\FRXQWLQJ
VHFWLRQV RI FRQQHFWHG SL[HOV RI WKH VDPH YDOXH 7KH GHWHFWLRQ RI SDUWLFOHV LQ WKH LPDJHV LV SURQH WR HUURUV IRU
GLIIHUHQW UHDVRQV3DUWLFOHVDUH ORVWGXH WRRFFOXVLRQZKHQ WKHRYHUODSSLQJRI WZRRUPRUHSDUWLFOHVDWRQHVHQVRU
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,QRUGHUWRREWDLQWKHUHDOQXPEHURISDUWLFOHVWKHHTXDWLRQPXVWEHVROYHGIRUuWKHQWKHWRWDOFRXQWRISDUWLFOHLV




OHQVDSHUWXUHDQGGLIIUDFWLRQRI WKHRSWLFDOV\VWHPDPRQJRWKHUV7KHVHIDFWRUVDUH WUDQVODWHG LQWRDGHWHFWHGVL]H
GLVWULEXWLRQWKDWDIIHFWVRFFOXVLRQVDQGPDNHVGLIILFXOWWRFDOFXODWHORVWSDUWLFOHV7RVROYHWKLVSUREOHPDVWUHDPRI
SRZGHU LV UHFRUGHG SULRU WKH XVH RI WKH V\VWHP DQG WKH VL]H RI VLQJOH SDUWLFOHV LV VDPSOHG WKH PD[LPXP VL]H








SDUWLFOH SRVLWLRQV DUH JHQHUDWHG UDQGRPO\ DQG WKH OLQH VHQVRUPHDVXUHV DUH UHSURGXFHG WKHQ WKH FDOFXODWLRQV DUH
DSSOLHGWRWKHJHQHUDWHGGDWDWKHUHVXOWRIPLOOLVHFRQGVRIVLPXODWLRQFDQEHVHHQLQILJXUH













UHDVRQ IRU WKLV VDWXUDWLRQ LV SURGXFHG E\ WKH DFWLRQV WDNHQ WR DYRLG GRXEOH GHWHFWLRQV RI SDUWLFOHV ZKHQ PDQ\
SDUWLFOHVDUHGHWHFWHG LQDVLQJOHIUDPH WKHGLVDEOHGSL[HOVFRYHUVPRVWRI WKHVHQVRUVSDFHDQG LQ WKHQH[W IUDPH
GHWHFWLRQ LV QR SRVVLEOH 7KH FDXVH RI WKH SUREOHP LV GHSHQGHQFH EHWZHHQ WZR FRQVHFXWLYH PHDVXUHV ,I WKH
PHDVXUHV DUH WDNHQ QRQ FRQVHFXWLYH D KLJKHU YDOXH WKDQ WKH H[SHFWHG LVPHDVXUHG WKLV KDSSHQV EHFDXVH LQ HDFK














IORZ 7KRVH SHDNV DUH FDXVHG E\ WKH SRZGHU WKDW UHPDLQV VWRUHG IURP SULRU RSHUDWLRQ RI WKH PDFKLQH LQ WKH
SQHXPDWLFFLUFXLWWKDWFRQQHFWVWKHSRZGHUIHHGHUWRWKHQR]]OH$QRWKHUHIIHFWWKDWFDQEHQRWLFHGLVWKHWLPHGHOD\
LQ WKH ULVHEHWZHHQ WKHSRZGHUIHHGHUVLJQDODQG WKHGHWHFWHGPDVV IORZ WKDWFRUUHVSRQGV WR WKH WLPH WKHSRZGHU
QHHGVWRWUDYHOWKHGLVWDQFHEHWZHHQWKHSRZGHUIHHGHUDQGWKHQR]]OH
&RQFOXVLRQV
7KH V\VWHP VHHPV WR SHUIRUP DGHTXDWHO\ DQG WLPH UHVROXWLRQ IRU VDPSOLQJ PDVV IORZ UDWH DV VPDOO DV 
PLOOLVHFRQGVFDQEHDFKLHYHG7KHVDWXUDWLRQRIWKHVHQVRURFFXUVDWORZHUIORZUDWHVWKDQLWZDVGHVLUDEOHEXWLWLV
ZRUWKWRPHQWLRQWKDWH[SHULPHQWDOVHWWLQJVXVHGZHUHQRWRSWLPDO'XHWRWKHGLIILFXOW\RIIRFXVLQJWKHOHQVORZHU
PDJQLILFDWLRQ ZDV XVHG WKDQ ZHUH SRVVLEOH LI WKH V\VWHP ZHUH WR EH LQVWDOOHG SHUPDQHQWO\ %HWWHU UHVXOWV DUH
H[SHFWHGZLWKDEHWWHUDGMXVWPHQWRI WKH OHQV ,W LV LPSRUWDQW WR VD\ WKDW VRPHFDOFXODWLRQVZHUHFKRVHQ WRREWDLQ









WKH GLIIUDFWLRQ RI WKH RSWLFDO V\VWHP XVHG WKH  QP ODVHU DW WKH HQG RI WKH YLVLEOH HOHFWURPDJQHWLF VSHFWUXP
UHGXFHVVLJQLILFDQWO\GLIIUDFWLRQHIIHFWVFRPSDUHGZLWKRWKHUVRXUFHVRIORQJHUZDYHOHQJWKVPDNLQJSDUWLFOHVDSSHDU
VKDUSHULQWKHLPDJH$QRWKHUDGYDQWDJHLVWKDWWKHQPZDYHOHQJWKLVIDUIURPWKHHPLVVLRQSHDNRIEODFNERG\




WKH  QP ZDYHOHQJWK FDQ H[LVW DQG PDNH WKLV ZDYHOHQJWK LQDSSURSULDWH IRU LOOXPLQDWLRQ )LQDOO\ XVLQJ WKH
PRQLWRULQJ V\VWHPGXULQJ WKH SURFHVV RQO\ UHTXLUHV DGGLQJ D ILOWHU WKDW EORFNV DOO OLJKW EXW WKH LOOXPLQDWLRQ ODVHU
ZDYHOHQJWK
,Q WKH IXWXUH LPSURYLQJ WKH FDOFXODWLRQ RI ORVV SDUWLFOHV KDYH WR EH VWXGLHG DQG GHSHQGHQFH EHWZHHQ IUDPHV
VKRXOG EH PRGHOHG 7KH IUDPH UDWH DQG WKH PDJQLILFDWLRQ SUREDEO\ KDYH DQ HIIHFW RQ WKH GHSHQGHQFH EHWZHHQ
PHDVXUHPHQWV $OVR LW KDV WR EH VWXGLHG LI KHDWLQJ HIIHFWV RI WKH ODVHU UDGLDWLRQ RYHU GH SDUWLFOHV GXULQJ WKH
GHSRVLWLRQSURFHVVPDNHDQRWLFHDEOHGLIIHUHQFHRQWKHFDOFXODWHGIORZ$WWKLVSRLQWRIWKHUHVHDUFKWKHUHZHUHQRW
SRVVLEOH WR IRFXV RQ FRQILUP WKLV HIIHFW $SSOLFDWLRQV RI WKH FXUUHQW V\VWHP DW WKH DFWXDO VWDWH DUH PLQRU EXW
GHSRVLWLRQ RI IXQFWLRQDO JUDGHG PDWHULDOV EHQHILWV IRU ORZ VFDQQLQJ VSHHG DQG ORZ PDVV IORZ UDWH DV VWDWHG LQ
SUHYLRXVUHVHDUFKE\$PDGRHWDO VRLW LVSRVVLEOH WRXVHWKHV\VWHPWRLPSURYHWKHFXUUHQWUHVXOWV LQ WKDW
ILHOG2WKHUDSSOLFDWLRQVWKDWXVHORZPDVVIORZUDWHVDVODVHUGHSRVLWLRQSURFHVVHVSHUIRUPHGZLWKVPDOOODVHUVSRWV
FDQEHEHQHILWHGIURPLW,WLVDOVRSRVVLEOHXVHWKHPRQLWRULQJV\VWHPWRGHWHFWIORZDELOLW\SUREOHPVRISRZGHUVWKDW
ZHUH QRW VSHFLILFDOO\ GHYHORSHG IRU ODVHU DSSOLFDWLRQV QHZ PDWHULDOV RU SRZGHUV ZLWK XQXVXDO VKDSH RU VL]H





7KLV ZRUN KDV EHHQ GRQH XQGHU WKH ILQDQFLDO VXSSRUW E\ 6SDQLVK *RYHUQPHQW 0LQLVWHULR GH (FRQRPtD \
&RPSHWLWLGDGSURMHFW0$7&5
$SSHQGL[$7KHRUHWLFDOPRGHORIGHWHFWHGSDUWLFOHV
/HW > @I a b    EHDQLQWHUYDOUHSUHVHQWLQJDOLQHVHQVRURIOHQJWKED:KHQDSDUWLFOHRIHIIHFWLYHVHFWLRQ3
FURVVHVWKHVHQVRUWKHVWDWHRIWKHVHQVRUFDQEHGHILQHGDVDJIXQFWLRQ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7KH SUREDELOLW\ RI VHH N SDUWLFOHV RI 1 FDQ DOVR EH FDOFXODWHG XVLQJ WKH VDPH SULQFLSOH DV IROORZV /HW
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,I D VHWRI LQGHSHQGHQWPHDVXUHV LV WDNHQ WKH DPRXQWRISDUWLFOHV LQ WKH VHQVRUGHWHFWHGRUQRWZLOOSRVVHVV D
SUREDELOLW\PDVV IXQFWLRQIZKHUH WKHQXPEHURISDUWLFOHVSHUPHDVXUH LV WKHUDQGRPYDULDEOHQ*LYHQIZHFDQ





WKH VHQVRU PXVW H[LVWV $VVXPLQJ LQGHSHQGHQFH DQG XQOLPLWHG SDUWLFOHV WKH SUREDELOLW\ RI D JLYHQ QXPEHU RI

















YDOXHX1RWLFH WKDW IRUSUDFWLFDOSXUSRVHVDV WKH3RLVVRQSDUWRI WKHVHULHVFRQYHUJHV WRIRU LJUHDWHQRXJKWKH
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